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1. 

TEMPERATURE CONTROL MECHANISMS FOR 
A MICRO HEAT PIPE CATHETER 

BACKGROUND OF THE INVENTION 
This application is a continuation-in-part of patent 

application Ser. No. 550,519, filed Jul. 10, 1990, now 
U.S. Pat. No. 5,190,539. 

FIELD OF THE INVENTION 

The present invention relates generally to medical 
devices and, more particularly, to temperature control 
mechanisms and uses for a micro heat pipe catheter. 

DESCRIPTION OF THE RELATED ART 

Millions suffer from cancer, and new techniques for 
cancer treatment are continually being developed. The 
use of local hyperthermia (elevating the temperature of 
a cancerous part of the body to a slightly higher temper 
ature) has received increased attention over the past 
few years. Heating a cancerous tumor, including the 
edges of the tumor, to therapeutic temperatures of 42.5 
C. (108.5 F) to 43.0 C, (109.4°F) for periods of 20 to 
30 minutes will in most cases destroy the rapidly grow 
ing cancer cells and arrest tumor growth. 

Total body temperatures above 41.8° C. (107.2' F.) 
are detrimental to the functions of the central nervous 
system, heart, liver, and kidneys, and may even cause 
histologically obvious damage to tissue cells, whereas 
tumorcidal effects are generally not observed below 
42.5 C. (108.5 F). At brain temperatures of over 41.8 
C. (107.2 F.), the mechanism that regulates body ten 
perature can become incapacitated, and there is danger 
of "malignant' or "runaway hyperthermia. Further, 
temperatures of up to 45 C. (113.0' F.) may cause soft 
tissue necroses and fistulas as well as skin burns. There 
fore, accurate temperature control of a localized area is 
critical to successful hyperthermia. 
There is a significant need for development of a sim 

ple hyperthermia device which will generate a precisely 
controllable temperature. The heat should be confined 
to the diseased region to minimize the risk of damage to 
the surrounding normal tissue and to preserve normal 
bodily functions. Local hyperthermia should elevate 
the temperature of a cancerous tumor to a therapeutic 
level while maintaining the temperature of the sur 
rounding tissue at, or near normal levels. 
Numerous heating methods for tumor treatment have 

been proposed over the past few decades, and several 
methods are currently being practiced. These heating 
techniques may be classified from a clinical point of 
view as non-invasive and invasive. 

Non-invasive hyperthermia techniques focus electro 
magnetic or ultrasonic energy on the region to be 
heated. This energy heats the body tissues to the desired 
temperatures. However, it is not possible to confine this 
energy to the diseased tissue, and the resulting effect is 
regional heating rather than local heating. Due to this 
regional heating, this technique often exhibits large 
temperature fluctuations due to variations in blood flow 
and thermal conductivity of the tissue. To better focus 
the energy to minimize regional heating, the wave 
length of the energy beam must be small compared to 
the tumor's dimensions. An undesirable side effect of 
reducing the wavelength renders the technique useful 
for treating diseased areas only a few centimeters into 
the body. Another limitation is caused by bones being 
very strong absorbers of ultrasonic waves and air cavi 
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2 
ties being almost perfect reflectors. Bones may absorb a 
disproportionate amount of energy, and the reflections 
cause energy to disperse uncontrollably. 

Invasive heating techniques, as compared with non 
invasive techniques, are typically better for achieving 
therapeutic temperature levels without appreciable 
heating of normal tissues, regardless of the tumor geom 
etry. Invasive heating techniques include the perfusion 
of the extremities with extracorporally heated blood 
and the irrigation of the urinary bladder with heated 
saline. Other invasive heating techniques include plac 
ing heating elements directly into the tumor. The use of 
a number of heating elements facilitates the regulation 
of temperature throughout the tumor. 

Invasive hyperthermia devices include: (1) sets of 
implanted electrodes connected to a radio frequency 
generator; (2) combinations of implanted and external 
electrodes; (3) implanted microwave antennas; and (4) 
implanted or injected thermoseeds. Each of these inva 
sive devices exhibit drawbacks. 
The use of implanted electrodes, while simple, in 

volves placing an array of needles into the tumor and 
connecting them to an RF generator. The temperature 
field for such electrodes is very difficult to control, and 
the volume that can be heated effectively is rather 
small, requiring many implants. Therefore, this tech 
nique is complicated, and the arrangement may result in 
non-uniform heating. 

Electrodes require connections to a power source, 
and many electrodes are required to treat most tumors. 
The large number of connection wires or coaxial feed 
lines associated with the electrodes are cumbersome 
and may overheat. 

Implanting microwave antennas or thermoseeds are 
probably the most popular invasive heating techniques. 
Generally, an array of antennas or thermoseeds is im 
planted in the tumor and left in place for the duration of 
the treatment. The antennas absorb externally-applied 
microwave energy, and the thermoseeds absorb exter 
nally-applied magnetic energy. Each antenna and ther 
moseed acts as a small heating unit, transferring heat to 
the tumor by conduction. The antennas and ther 
moseeds require careful placement in the tumor to opti 
mize local heating of the tumor. This is particularly so 
with thermoseeds, because their orientation with re 
spect to the induced magnetic energy determines their 
heating pattern. Furthermore, because all antennas and 
thermoseeds are heated to the same temperature by 
externally-applied energy, areas with poor blood flow 
may overheat while areas with high blood flow may not 
attain therapeutic temperatures. 
The present invention is directed to overcoming or 

minimizing one or more of the problems discussed 
above. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present inven 
tion, there is provided a micro heat pipe catheter which 
comprises a shaft having a first end, a second end, and 
an intermediate portion extending therebetween. The 
first end is needle-like in shape for penetrating soft tis 
sue, and the second end is adapted to couple to a ther 
mal transfer element. The shaft contains a channel that 
extends between the two ends of the shaft and termi 
nates into a fluid reservoir at the first end. The channel 
is chargeable with a working fluid. A thermally insula 
tive barrier is provided along the intermediate portion 
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of the shaft to protect surrounding tissue from damag 
ing temperature change. The shaft also contains a tem 
perature sensing thermocouple. 

In accordance with a further aspect of the present 

4. 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 
Hyperthermia or hypothermia is generally used in 

invention, there is provided a micro heat pipe catheter 5 addition to surgery, radiation, and chemotherapy, 
that includes a shaft having a first end and a second end. 
The first end is needle-like in shape. A channel is dis 
posed within the shaft and is chargeable with a quantity 
of a working vapor. An insulating layer is disposed 
along the shaft between the first end and the second 
end. A valve is disposed within the channel for control 
ling vapor flow within the channel. 

In accordance with another aspect of the present 
invention, there is provided a method of treating dis 
eased tissue. The method includes the steps of (1) insert 
ing a needle-like end of a micro heat pipe catheter into 
the diseased tissue; (2) maintaining the needle-like end 
of the micro heat pipe catheter within a prescribed 
temperature range; and (3) thermally insulating a por 
tion of the micro heat pipe catheter to protect healthy 
tissue from thermal damage. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages of the invention 
will become apparent upon reading the following de 
tailed description and upon reference to the drawings in 
which: 
FIG. 1 is a side view of a catheter; 
FIG. 2 is a cross-sectional side view of a micro heat 

pipe catheter; 
FIGS. 2A, 2B, 2C, and 2C-I are cross-sectional views 

taken along lines 2A-2A, 2B-2B, and 2C-2C, re 
spectively in FIG. 2. 
FIG. 3 is a schematic view of a passively-controlled, 

gas-loaded heat pipe; 
FIG. 4 is a schematic view of an actively-controlled, 

gas-loaded heat pipe; 
FIG. 5 is a perspective view of a micro heat pipe 

catheter showing the location of the temperature sens 
ing thermocouples; 
FIGS. 5A and 5B are cross-sectional views taken 

along lines 5A-5A and B-5B, respectively, in FIG. 5; 
FIG. 6 is a schematic view of a vapor-modulated 

variable conductance heat pipe; 
FIG. 7 is a schematic view of another vapor 

modulated variable conductance heat pipe; 
FIG. 8 is a schematic view of a liquid-modulated heat 

plpe; 
FIG. 9 illustrates a method of treating diseased tissue 

located near the spinal cord; 
FIG. 10 illustrates a method of treating diseased tis 

sue located in the prostrate gland; 
FIG. 11 illustrates a method of treating diseased tis 

sue located in the breast; 
FIG. 12 illustrates a method of treating diseased tis 

sue located near the eye; and 
FIG. 13 illustrates a method of treating diseased tis 

sue located in the brain. 
The present invention is susceptible to various modi 

fications and alternative forms. Specific embodiments 
have been shown by way of example in the drawings 
and will be described in detail herein. However, it 
should be understood that the invention is not intended 
to be limited to the particular forms disclosed. Rather, 
the invention is to cover all modifications, equivalents, 
and alternatives following within the spirit and scope of 
the invention as defined by the appended claims. 
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rather than alone as the first line of treatment. Hyper 
thermia or hypothermia, when used in new or previ 
ously treated tumors, is found to produce strong tumor 
cidal effects. As will become apparent, the catheter 
disclosed herein replaces some existing hyperthermia or 
hypothermia treatment techniques for some cancerous 
tumors and increases the number of individuals who 
may be treated, because it may be used to treat deep 
tumors that cannot be effectively treated with other 
techniques. 
Turning now to the drawings and referring initially 

to FIG. 1, a microheat pipe catheter 8 is illustrated. The 
catheter 8 is preferably constructed of stainless steel or 
other biocompatible material in a manner similar to the 
construction of hypodermic needles. The catheter 8 has 
a shaft 10, a needle-like end 12 and a heating or cooling 
source end 14. The needle-like end 12 is adapted to be 
inserted through tissue into a tumor. The end 14 is 
adapted to fit into a temperature control mechanism 15, 
such as a resistance heater or a cryogenic element. 
The temperature control mechanism 15 provides a 

controllable heating or cooling rate to the end 14 of the 
catheter 8 to maintain the needle-like end 12 at a sub 
stantially constant temperature. For instance, the tem 
perature at the needle-like end 12 preferably ranges 
from 42.5 C. (108.5 F.) to 43.0 C. (109.4 F.), but this 
range may vary if another range is deemed therapeutic 
for the diseased tissue. Controllable heating and cooling 
sources capable of maintaining temperatures in the ap 
propriate range will operate satisfactorily, and these 
may include a preheated or pre-chilled liquid or a cryo 
genic fluid. 
The catheter is an invasive device. The catheter 8 is 

inserted directly into a tumor or other diseased region 
of a body, and the catheter 8 heats or cools the tumor to 
destroy it. A detachable handle (not shown) may be 
used for accurate placement, particularly for deep 
seated tumors or diseased areas. The handle may be 
removed and a clip-on temperature control mechanism 
15 attached to the end 14 to control the temperature of 
the needle-like end 12. The temperature of the needle 
like end 12 of the catheter 8 is controlled to suit individ 
ual tumor requirements. The rate of heat delivered or 
removed is matched to the thermal conductivity of the 
tissue and the degree to which the tumor is perfused. 
The number and depth of the catheters 8 to be inserted 
into a tumor or diseased tissue depends on the volume 
and location of the diseased region within the body. 
As shown in FIG. 2, an exterior portion of the stain 

less steel shaft 10 of the catheter 8 is preferably insu 
lated. This portion is preferably inset so that the insulat 
ing material 22 can be deposited on the shaft 10 without 
increasing the diameter of the shaft 10. The insulating 
material 22 minimizes the radial heat loss through the 
shaft 10 and minimizes damage to the normal tissue 
through which the catheter 8 passes. FIG. 2A depicts 
the cross-section of the channel 17, and FIG. 2B depicts 
the cross-section of the channel 17 and the insulative 
layer 22. 

FIG. 2 also illustrates the internal structure of a pas 
sively controlled, hyperthermic, gas-loaded micro heat 
pipe that may be used within the catheter 8. The heat 
pipe includes a channel 17 which has a non-condensible 
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gas reservoir 20. The channel 17 is partially charged 
with an appropriate working fluid, such as pure water, 
methanol, ammonia, or nitrogen. The needle-like end 12 
houses the condenser 16 of the heat pipe, and the end 14 
houses the evaporator 18 of the heat pipe. In applica 
tions requiring the removal of thermal energy, such as 
hypothermia or the cooling of tissue, the roles of con 
denser and evaporator are reversed. 

In most two-phase cycles, the presence of non-con 
densible gases creates a problem due to the partial 
blockage of the condensing area. Heat pipes are no 
exception. During normal operation, any non-condensi 
ble gases present are carried to the condenser and re 
main there, reducing the effective condenser surface 
area. This characteristic, although normally undesir 
able, can be used to control the direction and amount of 
heat transfer and/or the condenser temperature (i.e. the 
temperature at the tumor). 
The heat pipe catheter 8 operates on the thermody 

namic principal of essentially constant temperature 
evaporation and condensation. Therefore, the tempera 
ture throughout the length of the catheter 8 is substan 
tially uniform. The temperature variation between the 
condenser 16 and evaporator 18 regions in the heat pipe 
may be as little as to.1 C., depending upon the pres 
sure, temperature, and working fluid used in the heat 
pipe. When used for hyperthermia (heating the diseased 
tissue), the catheter 8 is coupled to a heat source that 
provides heat to the tumor, and when used for hypo 
thermia (cooling the diseased tissue), the catheter 8 is 
coupled to a cooling source that removes heat from the 
tumor. 

In operation, the working fluid evaporates at the 
heat-source end 14 and condenses at the tumor-heating 
section. FIGS. 2C and CI illustrate alternative wicking 
configurations that carry the condensed working fluid 
back to the evaporator. 
FIGS. 3-8 illustrate a number of heat-transfer control 

techniques. In these figures, the vertical arrows depict 
the direction of heat transfer. 

FIG. 3 illustrates an passively-controlled, gas-loaded 
heat pipe mechanism 36 for the catheter 8. In this type 
of device, the thermal conductance of the heat pipe 
varies as a function of the "gas front' position. The term 
“gas front' refers to the vaporanoncondensible gas 
interface. As the heat available at the evaporator varies, 
the vapor temperature varies and the noncondensible 
gas contained within the reservoir expands or contracts, 
moving the gas front. This in turn results in a variation 
in the thermal conductance, i.e. as the heat flux in 
creases, the gas front recedes and the thermal conduc 
tance increases due to the larger condenser surface area. 
In this way, the temperature drop across the evaporator 
and condenser can be maintained fairly constant even 
through the evaporator heat flux may fluctuate. This 
will provide a constant temperature at the tumor site, 
preventing damage to surrounding tissue. 
While in most applications heat pipes operate in a 

passive manner, adjusting the heat flow rate to compen 
sate for the temperature difference between the evapo 
rator and condenser, several active control schemes 
have been developed. Most notable among these are: (i) 
gas-loaded heat pipes with a feedback system, (ii) ex 
cess-liquid heat pipes, (iii) vapor flow-modulated heat 
pipes, and (iv) liquid flow-modulated heat pipes. 

In the embodiment of FIG. 3, the gas volume at the 
reservoir end 38 of the heat pipe 36 is controlled pas 
sively by expansion and contraction of the non-conden 
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6 
sible gas in the reservoir 38, Active control can be 
achieved by heating or cooling the evaporator 18 as 
illustrated in FIG. 4. The evaporator 18 is heated or 
cooled by coupling a temperature control mechanism 
15 to a thin resistive coating 40 that is disposed, prefera 
bly by vapor deposition, on the shaft 10 of the catheter 
8. The coating 40 is preferably Nichrome. 
An actively controlled temperature control tech 

nique employs a temperature sensing device at the nee 
dle-like end 12 of the catheter 8 to provide a feedback 
signal to the temperature control mechanism 15. FIG. 4 
illustrates an actively-controlled, gas-loaded heat pipe 
23 in which the gas volume at the reservoir end can be 
controlled externally. In this embodiment, a tempera 
ture-sensing device 25 at the condensor provides a sig 
nal to the temperature control mechanism 15, which is 
illustrated in FIG. 4 as an evaporator heater 24, via a 
heater controller 27. The heater 24, when activated, can 
heat the gas contained in the evaporator, causing it to 
expand and thereby reducing the condenser area. 

FIG. 5 illustrates such the device 25 as a temperature 
sensing thermocouple 26 for use with either hyperther 
mic or hypothermic micro heat pipe catheters. FIGS. 
5A and 5B illustrate the corresponding cross-sections. 
The temperature-sensing thermocouple 26 may be fabri 
cated through vapor deposition, chemical deposition, 
thermal deposition, sputter deposition, plasma spraying 
or other similar techniques of depositing dissimilar met 
als on a portion of the shaft 10. The thermocouple 
mechanism 26 is created by first depositing an electri 
cally insulating layer 30, typically an oxide, onto the 
shaft 10 and the needle-like end 12. A thin layer of 
electrically conductive material 32, such as copper, is 
deposited on the electrically insulating layer 30. A sec 
ond thin layer of dissimilar electrically conductive ma 
terial 34, such as iron, is then deposited over the first 
layer of material 32. Electrical connections, terminating 
in contact pads 28, from each of these two layers are 
fabricated by depositing these materials along the shaft 
10 toward the end 14. The layers of material 30, 32, and 
34 are thin enough that they do not significantly in 
crease the diameter of the catheter 8. 
Once the thermocouple 26 is formed, the difference in 

the electrical potential at the junction of the materials 
32 and 34 is correlative to the temperature at the needle 
like end 12 of the catheter 8. Thus, this temperature 
signal can be delivered to the temperature control 
mechanism 15 to more precisely control the tempera 
ture at the needle-like end 12 of the catheter 8. The 
temperature sensing thermocouple 26 can be used with 
any of the passive temperature control mechanisms 
described with reference to FIGS. 5, 6, 7 and 8. 
FIG. 6 illustrates a passively-controlled, vapor-flow 

modulated heat pipe mechanism 42 for the catheter 8 
and which is particularly suited for hyperthermic treat 
ments. Excess-liquid heat pipes operate in much the 
same manner as gas-loaded heat pipes but utilize excess 
working fluid to block portions of the pipe and control 
the condenser size or prevent reversal of heat transfer. 
Vapor-flow-modulated heat pipes utilize a throttling 
valve to control the amount of vapor leaving the evapo 
rator. In this embodiment, a throttling valve 41 controls 
the amount of vapor leaving the evaporator 18. An 
increase of the temperature of the vapor in the evapora 
tor 18 causes the baffle 46 containing the control fluid to 
expand. This in turn closes down the throttling valve 
41, by pushing the plunger 48 into the opening 50 of the 
flange 52, and reduces the flow of vapor to the con 
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denser 42. This embodiment is particularly useful in 
situations where the evaporator temperature varies and 
a constant condenser temperature is desired. 

FIG. 7 illustrates another passively-controlled, wa 
por-flow modulated heat pipe 56 for use with the cathe 
ter 8 and which is particularly suited for hypothermic 
treatments. A throttling valve 58 controls the amount of 
vapor leaving the evaporator 18. An increase of the 
temperature of the vapor in the evaporator 18 causes 
the baffle 60 containing the control fluid to expand. This 
causes the valve 58 to open by pushing the plunger 62 
out of the opening 64 of the flange 66. 

FIG. 8 illustrates a passively-controlled, liquid-flow 
modulated heat pipe 54 for the catheter 8. In this en 
bodiment, two separate heating structures are utilized. 
A first wicking structure 68 transports liquid from the 
evaporator 18 to the condenser 16. A second wicking 
structure 70 serves as a liquid trap. As the temperature 
gradient is reversed, the liquid moves into the trap 70 
and starves the evaporator 18 of fluid, thus regulating 
the temperature of the condenser 16 to maintain the 
tumor at the predetermined temperature and to prevent 
damage to the surrounding tissue. 
The catheter 8 may be used to treat many varieties of 

cancer. One particularly attractive feature of the cathe 
ter 8 is its ability to treat forms of cancer currently 
untreatable by invasive methods and devices. The cath 
eter 8 may be made thin enough to minimize hemor 
rhaging of the healthy tissue through which it passes, 
and its shaft 10 is insulated to further reduce damage to 
healthy tissue. In each case, the needle-sharp end 12 of 
the catheter 8 is inserted into the diseased tissue 72. A 
heating or cooling source 15 is externally coupled to the 
end 14 to heat or cool the working fluid of the catheter 
8. 

FIG. 9 illustrates a method of treating diseased tissue 
72 located near the spinal cord 76. A tumor near the 
spinal cord may not be amenable to surgery due to the 
danger of severing nerves. However, the catheter 8 may 
be inserted into a tumor near the spinal cord with little 
danger of severing nerves. 

FIG. 10 illustrates a method of treating diseased tis 
sue 72 located in the prostrate gland 74, and FIG. 11 
illustrates a method of treating diseased tissue 72 lo 
cated in the breast 80. Although these tumors are gener 
ally treatable with surgical methods, the catheter 8 nay 
be used instead to destroy these types of tumors without 
Surgery. 

FIG. 12 illustrates a method of treating diseased tis 
sue 72 located near the eye 82. Like the spinal cord, 
surgery near the eye can also pose problems, so the 
catheter 8 can be used to destroy the tumor and avoid 
surgery. It should be noticed that the catheter 8 may be 
curved or flexible so that it can be inserted between the 
eyelid and the eye to reach the tumor 72 with the mini 
mum of tissue penetration. 

FIG. 13 illustrates a method of treating diseased tis 
sue 72 located in or near the brain 84. Brain tumors must 
be located near the skull before surgery can be consid 
ered. Methods such as radiation therapy and chemo 
therapy are typically used to treat deeper tumors, and 
often without success. However, the catheter 8 may be 
inserted through brain tissue with minimal damage due 
to the catheter's small diameter and insulative covering. 
A hole is drilled in the skull and the catheter is inserted 
through the hole into the diseased tissue 72. Because the 
temperature of the needle-like end 12 of the catheter 8 
can be controlled so precisely, the tumor can be thera 
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8 
peutically treated while the damage to surrounding 
tissue is minimized. 
As is evident from the above descriptions, the cathe 

ter 8 delivers heat to or removes heat from a tumor or 
diseased region and maintains the tumor at a substan 
tially constant temperature. The catheter 8 is a simple 
device that requires no complex external equipment, 
high voltages, or wave energy transmissions. The cathe 
ter 8 may be either actively controlled through a self 
contained unit and/or passively controlled using one of 
several heat-pipe control mechanisms. The catheter 8 
may be fabricated in different lengths and different 
diameters for specific tumor locations and volumes. For 
specific applications, the catheter 8 may be curved or 
flexible to facilitate its insertion around an obstruction 
or to avoid the invasion of a particular organ. Treat 
ment of a cancerous tumor or diseased area may require 
a number of catheters 8, depending upon the volume, 
location, and perfusion of the tumor. Finally, the cathe 
ter 8 may be designed to operate at a preselected tem 
perature, and the precise temperature control minimizes 
the amount of information required about the size, 
shape and density of the tumor being treated. 
What is claimed is: 
1. A catheter comprising: 
a shaft having a first end, a second end, and an inter 

mediate portion extending therebetween, said first 
end having a needle-like shape for penetrating soft 
tissue and said second end being adapted to couple 
to a thermal transfer element; 

a channel being disposed within said shaft, said chan 
nel being chargeable with a quantity of fluid, and 
said channel extending between said first end and 
second end of said shaft and terminating in a fluid 
reservoir at said first end; 

a thermally insulative barrier disposed along said 
intermediate portion of said shaft, said thermally 
insulative barrier protecting tissue contacting said 
intermediate portion of said shaft from damaging 
temperature change; and 

a temperature sensing device disposed on the shaft, 
said temperature sensing device being adapted to 
couple to said thermal transfer element to control 
the temperature of said thermal transfer element. 

2. The catheter, as set forth in claim 1, wherein said 
temperature sensing device comprises a thermocouple. 

3. The catheter, as set forth in claim 2, wherein said 
thermocouple is deposited by a process selected from 
the group consisting of vapor deposition, chemical de 
position, thermal deposition, sputter deposition, and 
plasma spraying. 

4. The catheter, as set forth in clairn 1, further com 
prising: a valve disposed within said channel for con 
trolling fluid flow within said channel. 

5. The catheter, as set forth in claim 4, wherein said 
valve comprises: 

a flange being disposed in said channel, said flange 
separating said channel into an evaporator end and 
a condenser end, said flange having an aperture 
therein to facilitate vapor flow between said evapo 
rator end and said condenser end; 

a baffle being disposed in said evaporator end of said 
channel and being filled with a quantity of expand 
able fluid, said expandable fluid expanding to move 
said baffle axially toward said flange and condens 
ing to move said baffle axially away from said 
flange in response to temperature variations within 
said evaporator end; and 
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a plunger being aligned with said aperture and being 
coupled to said baffle for axial movement there 
with to open and close said valve. 

6. The catheter, as set forth in claim 1, wherein said 
channel comprises: 5 

an evaporator proximate said first end of said shaft 
and a condenser proximate said second end of 
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10 
shaft, said channel being chargeable with a work 
ing fluid, and said channel having a first wicking 
structure for transporting said working fluid from 
said evaporator to said condenser and said channel 
having a second wicking structure for preventing 
reverse flow of heat by trapping said working fluid. 
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